(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



EP 1 105 550 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
12.03.2003 Bulletin 2003/11 

(21) Application number: 99934963.2 

(22) Date of filing: 26.07.1999 



(51) mt CI7: C23C 30/00, G01K 11/20, 
G01K 11/32 

(86) International application number: 
PCT/GB99/02413 

(87) International publication number: 

WO 00/006796 (1 0.02.2000 Gazette 2000/06) 



(54) THERMAL BARRIER COATING WITH THERMOLUMINESCENT INDICATOR MATERIAL 
EMBEDDED THEREIN 

WARMEDAMMSCHICHT MIT EINGEBETTETEM 
THERMOLUMINESZENZ-INDIKATORWERKSTOFF 

REVETEMENT A BARRIERE THERMIQUE COMPRENANT UN MATERIAU INDICATEUR 
THERMOLUMINESCENT INTEGRE 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 27.07.1998 GB 9816348 
29.10.1998 GB 9823749 

(43) Date of publication of application: 
13.06.2001 Bulletin 2001/24 

(73) Proprietor: IMPERIAL COLLEGE OF SCIENCE, 
TECHNOLOGY & MEDICINE 
London SW7 2AZ (GB) 

(72) Inventors: 

• CHOY, Kwang-Leong 
Cheylesmore, Coventry CV3 5EQ (GB) 



CO 

o 

in 
in 

to 



Q. 

LU 



• HEYES, Andrew Lawrence 
Cookham, Berkshire SL6 9JX (GB) 

• FEIST, Joerg 

Stratford, London E15 3HF (GB) 

(74) Representative: Boden, Keith McMurray et al 
Fry Heath & Spence LLP 
The Gables 
Massetts Road 
Horley Surrey RH6 7DQ (GB) 



(56) References cited: 
EP-A- 0 863 396 
US-A- 4 075 493 
US-A- 4 774 150 



WO-A-98/10459 
US-A- 4 569 570 
US-A- 5 730 528 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 105 550 B1 



Description 

[0001] This invention relates to thermal barrier 

coatings. 

[0002] In extreme environments such as the interior 5 
of a gas turbine engine, where the flame temperature 
can be greater than the melting point of materials used 
to construct the engine, metal components are often 
coated with a material to avoid or reduce thermal dam- 
age to the components. Such a coating is commonly 10 
known as a thermal barrier coating or TBC. 
[0003] A thermal barrier coating typically comprises a 
relatively "thick" layer of a refractory or thermally insu- 
lating material such as yttria stabilised zirconia or YS2. 
Here, the term "thick" is used to imply a thickness of, 15 
say, 250u.m. The refractory material would generally be 
selected to have a low thermal conductivity such as 
around 1 to 3 W/mK, thereby reducing heat transfer to 
the components and reducing the temperature experi- 
enced by the components. 20 
[0004] The coatings are applied using a deposition 
technique. Generally speaking, the deposition tech- 
niques in commercial use are not completely reliable 
and do not provide the level of adhesion of the coating 
to the component which would be desirable. This means 25 
that the lifetime of coated components is limited, but as 
there is no reliable model for predicting that lifetime, nor 
a convenient way to monitor the coatings in service, the 
only way to assess the state of coated components is 
manual inspection. In the case of a gas turbine engine, 30 
this is clearly time consuming and expensive. 
[0005] A typical regime for coating- a machine-com- 
ponent with a thermal barrier coating is to apply a sand- 
wich of three types of coating. First, a so-called bond- 
coat is applied. A typical material for the bondcoat is a 35 
metallic layer such as an MCrAlY alloy layer. The pur- 
pose of the bondcoat is to provide a layer which adheres 
well to the underlying component surface and which pro- 
vides a good base for further coatings. Onto the bond- 
coat a so-called intermediate layer or interlayer is ap- 40 
plied. A ceramic material such as Al 2 0 3 is one example 
of a suitable material. This can be formed by oxidising 
the surface of the bondcoat to form a thin (e.g. 0.1 to 10 
urn) oxide layer. Again, this provides improved adhesion 
for the final thermally insulating coating and is not there 45 
to provide thermal barrier properties. 
[0006] The bondcoat and the interlayer may be re- 
ferred to generally as priming layers, as their main pur- 
pose is to improve adhesion and application of the final, 
thermally insulating layer. 50 
[0007] The final layer provides the thermal insulating 
and structural properties of the TBC. As mentioned 
above, this may be a relatively thick layer of a material 
such as YSZ, YPSZ (Yttria partially stabilised zirconia, 
e.g. 6-8 wt% Y 2 0 3 PSZ) or zirconia doped alumina. Ba- 55 
sically the outer layer should ideally be: thermally insu- 
lating (and so could be referred to as a refractory mate- 
rial), have low thermal conductivity, be resistant to spal- 



line during thermal cycling and/or exposure to high tem- 
peratures (e.g. over 1100 °C), be resistant to oxidation 
and be resistant to erosion. 

[0008] So, for example, the material of the interlayer 
(e.g. Al 2 0 3 ) is not suitable for use as the outermost layer 
because its reliability is not good enough and because 
it lacks the "transformation toughening" obtainable with 
YPSZ. 

[0009] EP-A-0 863 396 discloses a technique for de- 
tecting stress in an interlayer of the type of structure de- 
scribed above. It is noted that Cr impurities, originating 
in the bondcoat, are often present in the interlayer. 
EPhA-0 863 396 makes use of the change in the fluo- 
rescence wavelength of these impurities in response to 
stress. A light source is directed through the thermally 
insulating layer onto the interlayer and the resulting flu- 
orescence wavelength is detected. 
[0010] US-A-4 922 113, US-A-5 270 116 and EP^-0 
336 029 disclose techniques for monitoring the compo- 
sition, thickness or uniformity of a coating by detecting 
fluorescence radiation. 

[0011] US-A-5730528 discloses the provision of a 
phosphor pad on an article, such as a component of a 
turbine engine, for providing a means of thermal meas- 
urement. 

[0012] US-A-4569570 is directed to an optical sensor 
for detecting changes in physical quantities, such as 
temperature, which sensor includes a luminescent ma- 
terial built up of atomically localised luminescence cen- 
tres included as a solid solution in a bonding material. 
[0013] US-A-4774150 discloses a thermal barrier 
coating which comprises a plurality of zirconia layers, 
each containing a luminous activator which generates 
a different fluorescent colour, such that the degree of 
wear of the thermal barrier coating is detectable by ob- 
serving the colour generated when irradiated by ultravi- 
olet radiation. 

[0014] This invention provides a machine having one 
or more internal components coated with a thermal bar- 
rier coating comprising a mixture of at least a refractory 
material and an indicator material having an optical 
emission spectrum which varies in response to a tem- 
perature of the respective component, the machine 
comprising: a light source for directing an interrogating 
light beam onto the one or more components; a light col- 
lector for collecting light from the one or more compo- 
nents; and an analyser for detecting at least a temper- 
ature of the one or more components by analysis of light 
collected from the one or more components. 
[001 5] The invention addresses the above difficulties 
by providing a new type of thermal barrier coating. The 
coating itself comprises not only a refractory material but 
also an indicator material having an optical emission (e. 
g. fluorescence) spectrum dependent on a physical pa- 
rameter of the coated component such as temperature. 
This allows in-situ interrogation and remote monitoring 
of the physical parameter by directing a light beam onto * 
the component and analysing the fluorescence spec- 
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trum using known analysing equipment. 
[001 6] Unlike the arrangement of EP-A-0 863 396, the 
indicator material can form part of the actual TBC layer 
rather than an interlayer. This means that the tempera- 
ture, stress etc. of the TBC layer can be monitored rather 5 
than that of the interlayer alone. This can enable the de- 
tection of faults across the top (TBC) coating and at the 
interface between the TBC coating and the interlayer or 
other priming coating. 

[001 7] The variation in spectrum can be, for example, 1 o 
a variation of absolute intensity, relative intensity be- 
tween two or more emission lines, decay time of one or 
more emission lines after excitation by a pulsed light 
source, or even lineshifting due to expansion and con- 
traction of the host crystal lattice. 15 
[0018] The invention has many advantages over an- 
other previously proposed technique involving painting 
special phosphor-loaded paints onto components. Be- 
cause the indicator material forms part of the coating, it 
can be much more resistant to erosion and thermal 20 
shock than a surface layer of paint. A separate painting 
process is not required. Also, the indication given by the 
indicator material better reflects the true condition of the 
coated component, rather than just a surface condition 
of the phosphor paint. 25 
[0019] Although coating materials could be selected 
to respond to other physical parameters of the coated 
component, such as pressure, preferred embodiments 
of-the invention finds particular use in allowing remote 
monitoring of the temperature of the component, by em- 30 
ploying an indicator material having a fluorescence 
spectrum which varies in dependence on the tempera- 
ture of at least a region of the coated component. In par- 
ticular it is noted that the documents listed above are 
not concerned with temperature measurement. Howev- 35 
er, embodiments of the invention encompass materials 
which respond to two or more physical parameters, per- 
haps in different ways. 

[0020] Preferably, rather than a homogeneous layer 
of indicator material, the indicator material comprises a *o 
layered structure of indicator materials having different 
respective fluorescence spectra. This arrangement has 
many advantages. Firstly, as the coating erodes from 
the component, a further layer of indicator material will 
be newly uncovered. As this has a distinguishable spec- 45 
trum, the erosion process can therefore be detected. In 
another application, the arrangement could allow mon- 
itoring of the component's temperature at different 
depths within the coating, particularly if lower layers of 
indicator material were covered by materials which are 50 
at least partially transparent to the light involved. 
[0021] The invention finds a particular preferred use 
in high temperature components in, for example, a com- 
bustion engine, preferably in coating one or more tur- 
bine blades or heat shields of a gas turbine engine. In 55 
combustion engines, ambient conditions are extreme 
and the effort involved in manually inspecting internal 
components means that the inspection process can be 



expensive. 

[0022] The invention also extends to use, as a tem- 
perature indicator in a thermal barrier coating for coating 
a machine component, of a mixture of at least a refrac- 
tory material and an indicator material having an optical 
emission spectrum which varies in response to a tem- 
perature of the coated component. 
[0023] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings in which: 

Figure 1 is a schematic diagram of a coated com- 
ponent; 

Figure 2 is a schematic diagram of a gas turbine 
engine incorporating a coated component and hav- 
ing a remote sensing apparatus; 
Figure 3 illustrates a fluorescence spectrum for 
YAG:Tb; 

Figures 4 and 5 illustrate the variation of decay life- 
time with temperature for an emission of YAG:Tb; 
Figure 6 illustrates a fluorescence spectrum for 
Y 2 0 3 :Eu; 

Figures 7 and 8 illustrate the variation of decay life- 
time with temperature for an emission of Y 2 0 3 :Eu; 
Figures 9 and 10 illustrate the relative variation of 
emission linestrengths with temperature for YAG: 
Dy; 

Figure 11 is a schematic diagram of a multi-layer 
indicator material providing erosion information; 
and 

Figure 12 is a schematic diagram of a multi-layer 
indicator material providing temperature monitoring 
at different coating depths. 

[0024] Figure 1 is a schematic diagram of a compo- 
nent 10 coated with a thermal barrier coating (TBC) 20. 
The component 10 may be, for example, a turbine blade 
of a gas turbine engine, although the technique is appli- 
cable to many other types of component. 
[0025] The TBC 20 is formed as a mixture of a refrac- 
tory material and an indicator material which has a flu- 
orescence spectrum which varies in dependence on a 
physical parameter of the component such as temper- 
ature. 

[0026] The coated component is particularly suited for 
remote monitoring of the physical parameter by direct- 
ing an interrogating light beam on to the component and 
then analysing the fluorescence emissions returned 
from the component. Figure 2 is a schematic diagram 
of a gas turbine engine incorporating the coated com- 
ponent and employing a remote sensing apparatus to 
detect the fluorescence spectrum of the component. 
[0027] In Figure 2, the coated component 10 is mount- 
ed on a turbine assembly 30 inside a casing 40 of the 
gas turbine engine. An interrogating light beam is gen- 
erated by an Nd:YAG pulsed laser 50 and directed along 
an optical fibre waveguide 60 to a window 70 in the cas- 
ing 40 of the turbine engine, from where it is directed 
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onto the path of the component under test. 
[0028] When the light strikes the component as it ro- 
tates past the window 70, the component's coating emits 
a fluorescence spectrum which is picked up by a further 
optical fibre 80 through a further window 90 in the casing 
40. The light is passed to a detector 100. 
[0029] An arrangement of lenses (not shown) can be 
used to collimate or otherwise vary the optical properties 
of the interrogating beam and/or the fluorescence emis- 
sion. The optical fibre 60 and the optical fibre 80 can 
direct light through the same window in the casing 40 if 
desired, and, through use of a directional optical fibre 
coupler, the interrogating beam and the collected fluo- 
rescence spectrum can pass along the same fibre. 
[0030] The laser 50 and the detector 100 are under 
the control of a pulse generator and control circuit 110. 
The detector 100 converts the received optical signal 
into an electrical signal 120 which is passed to an ana- 
lyser 130 arranged to detect spectral characteristics to 
be described below using known analysis techniques. 
The output of the analyser 130 is passed to an output 
device 1 40 such as a display screen or a printout device. 
[0031] The TBC is applied using a known technique 
such as chemical vapour deposition (CVD), electron 
beam physical vapour deposition (EBPVD), plasma 
spray deposition or electrostatic assisted vapour depo- 
sition (see, for example, W097/21 848). In this last tech- 
nique, a precursor solution is directed onto the substrate 
(the component) and forms a deposited layer under heat 
treatment. An initial bondcoat and an interlayer (as de- 
scribed above but not shown in the drawings) may be 
deposited first to improve the adhesion and/or structural 
properties of the TBC coating. 
[0032] The layer used in these embodiments is 
formed primarily of a refractory material but containing 
dopants, such as rare earth dopants, to provide the re- 
quired fluorescence properties. Therefore, a straightfor- 
ward way of applying such a coating is to add the rare 
earth dopants to the precursor solution before the elec- 
trostatic assisted vapour deposition coating process 
takes place. In further embodiments to be described be- 
low (see Figures 11 and 12) the composition of the in- 
dicator component varies across the depth of the coat- 
ing. This type of graded or multi-phase structure can be 
achieved easily by varying the composition of the pre- 
cursor solution during the coating process - perhaps by 
changing the concentration of a particular dopant by 
adding the dopant or adding more undoped precursor 
solution, or by changing from one receptacle of solution 
having a first dopant to another receptacle of solution 
having a second dopant (or no dopant), and so on. In 
the examples discussed below, the proportion of the do- 
pant in the deposited layer is relatively small, so that the 
physical properties of the deposited layer and the dep- 
osition process itself are relatively unchanged by the ad- 
dition of the dopant. 

[0033] In other words, the addition of the rare earth to 
the thermally insulating layer in effect creates a new 



phosphor. This is very different to a technique for adding 
a phosphor to a layer material. 
[0034] In a YSZ or YPSZ system the rare earths can 
also act to further stabilise the zirconia, improving the 
s mechanical properties of the coating. 

[0035] Two main techniques for assessing tempera- 
ture by interrogating the coated components' fluores- 
cence spectrum will be discussed below. These are a 
life time decay method and an intensity ratio method. 
10 [0036] For the purposes of this example, three com- 
positions will be discussed. Y 2 0 3 :Eu and YAG:Tb are 
described for the "lifetime decay method". These mate- 
rials show good luminescence, are readily available and 
relatively cheap. Their useable temperature range goes 
15 from below 550°C to above 1 200°C. 

[0037] The "intensity ratio method" will be described 
with relation to YAG:Dy material. This material has the 
possibility of performing two dimensional temperature 
distribution analysis up to temperatures of about 
20 1 500°C. Because the main emission lines of interest are 
below 500nm, at high temperatures black body radiation 
from material is still not as intense as for similar meas- 
urements with Y 2 0 3 :Eu and YAG:Tb. 

25 Lifetime Decay Method 

[0038] Figure 3 is a graph of the emission spectrum 
for YAG:Tb at different temperatures in response to an 
excitation wavelength of 266nm. It will be seen that the 

30 spectrum varies in magnitude with temperature. How- 
ever, the feature that will be analysed in the present ex- 
ample is the decay time of an emission after excitation. 
[0039] When the material is excited by a pulse from 
the pulsed laser 50, it starts to fluoresce and emit the 

35 spectrum shown in Figure 3. When the excitation pulse 
is removed, the intensity dies away exponentially. A 
characteristic time (tau) of the decay process is the time 
in which the intensity falls to 1/e of its original intensity. 
So, tau becomes numerically smaller as the decay be- 

40 comes faster. 

[0040] Figure 4 is a graph of the decay time tau versus 
temperature for YAG:Tb at an emission wavelength of 
543. 1nm, an excitation wavelength of 266nm, and a Tb 
concentration of 5%, over a range from substantially 

45 room temperature through to about 1000°C. It can be 
seen that the characteristic time tau varies in depend- 
ence on the temperature of the material. 
[0041] Figure 5 is an expanded graph of the region 
from about 700°C to about 1000°C. This is a region of 

50 interest for the temperature analysis of components in 
a combustion engine, and the graph shows that there is 
a generally monotonic between tau and temperature. 
Accordingly, the detector 100 can be arranged to detect 
intensity of the optical signal returned from the compo- 
55 nent 1 0 (Figure 2) and the analyser 1 30 can be arranged 
to detect the characteristic decay time, i.e. the time in 
which the intensity decays by a factor of 1/e. This can 
then be compared - for example via a look-up table - 
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with the results of Figure 5 to determine the temperature 
of the component 10. 

[0042] Figure 7 illustrates the exponential decay proc- 
ess for an emission from Y 2 0 3 :Eu with temperature. The 
concentration of Eu is 6%, although a range of 1-6% is 5 
useful, the excitation wavelength 266nm and the emis- 
sion is measured is at 611 nm. 
[0043] When the results of Figure 7 are converted into 
a graph of the characteristic decay time tau versus tem- 
perature, it can be seen that in a temperature range of 
interest (above 700° C) there is a useful variation of tau 
with temperature. This information can be used as de- 
scribed above in the analyser 130 of Figure 2. 

Intensity Ratio Method 

[0044] Figure 9 illustrates the scaled fluorescence 
spectrum for YAG:Dy at different temperatures. (The 
spectrum includes two "rogue" data points, marked as 
"dead pixels"). The Dy concentration is 3%. 
[0045] In a steady state emission (not a fluorescence 
emission), the ratio of intensities for two emission wave- 
lengths (493nm and 455nm) in response to excitation at 
355nm is plotted against ambient temperature of the 
coated component in Figure 10. This shows a useful, 
almost linear relationship between the ratio and the tem- 
perature, 

[0046] In Figure 1 0, sets of results obtained on differ- 
ent days are shown. These are day "j9th n , the day of 
fabrication, and the next three days j10th to j12th. The 
results show a good stability of response with time. 
[0047] The examples described above have related 
to single-layer coatings. However, as mentioned earlier, 
the composition of the indicator material can be varied 
during deposition of the TBC so as to give a TBC having 
multi-layer properties as regards the indicator material 
but single-layer properties as regards the thermal barri- 
er protection. Figures 11 and 12 schematically illustrate 
two examples of such a multi-layer indicator structure. 
[0048] Referring to Figure 11, the component 10 is 
coated with a TBC 200 having three indicator layers 
within it, 210, 220, 230. The three indicator layers are 
formed using different indicator dopants. 
[0049] This technique is very useful to assess erosion 
of the TBC. In Figure 11, erosion has taken place at a 
site 240, so that areas of the interior indicator layers 220, 
210 are exposed. When the eroded component is inter- 
rogated using the light beam as described above, emis- 
sion spectra will be observed corresponding to all three 
of the indicator 210, 220, 230. This can be used to indi- 
cate that erosion has taken place as far as the layer 21 0. 
When this occurs, a warning signal can be issued to the 
equipment operator (e.g. a maintenance engineer main- 
taining a gas turbine engine) that it is time to dismantle 
the engine to replace the eroded component. 
[0050] Figure 12 illustrates a similar multi-layer struc- 
ture having a three-indicator layer TBC formed of indi- 
cator layers 250, 260, 270. The three layers again have 



different respective fluorescence properties when inter- 
rogated by the interrogating light beam. A region 280 of 
the outer layer 270 is arranged to be substantially trans- 
parent (or at least partially transparent to the interrogat- 
ing wavelength and the emission spectrum. This allows 
the temperature at a position inside the TIC (the position 
of the indicator layer 260 to be monitored. Similarly, a 
region 290 of the outer two layers 270, 260 is made at 
least partially transparent, so that the temperature of the 
interior layer 250 can be assessed, giving a closer indi- 
cation of the temperature of the component 10 itself. 
[0051] Such a multi-layer structure will also enable the 
heat flux to the component to be calculated assuming 
that the thermal conductivity of the intervening layer is 
known: 

q" = (-k AT)/L 

where k is thermal conductivity, AT is the temper- 
ature change and L is the thickness of the layer. 
[0052] In other embodiments a compositionally grad- 
ed structure can be used (by varying the indicator ma- 
terial composition and/or concentration during deposi- 
tion), or alternatively a composite or multi-phase struc- 
ture can be employed. 

[0053] Embodiments of the invention can provide a 
TBC with indicating properties which can be used to as- 
sess or measure the erosion, temperature distribution, 
heat flux, phase changes, pressure, stress and/or strain 
characteristics of a coated component, besides per- 
forming as a TBC. 

[0054] The concentration of the indicator material is 
preferably relatively low so that its presence has little 
effect on the thermal properties of the TBC, but prefer- 
ably high enough that the spectra can be conveniently 
observed. A preferred range is about 0.1%-10%, al- 
though concentrations outside of that range can be en- 
visaged. 

[0055] A further dopant regime forming an embodi- 
ment of the invention is Y 2 0 3 - Er (or other rare earth/ 
s), YSZ with one or more rare earths or YPSZ with one 
or more rare earths. 

[0056] Although embodiments of the invention have 
been described for use in non-invasive in-situ measure- 
ments, the techniques are also applicable to quality con- 
trol and testing during coating development. If the de- 
tected temperature profile indicates a large variation 
across the top coat, this will create a large temperature 
mismatch and generate stresses in the coating material 
potentially leading to failure of the coating. The large 
variation could be due to non-uniformities in the coating 
or an exposure to a non-uniform thermal environment. 
In quality control, if the coating has not been deposited 
uniformly, this can cause a non-uniform temperature, 
stress and/or strain distribution in the coating and so 
cause failure. Again, this can be detected using the tech- 
niques described above. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



EP 1 105 550 B1 



10 



Claims 

1 . A machine having one or more internal components 
coated with a thermal barrier coating comprising a 
mixture of at least a refractory material and an indi- 5 
cator material having an optical emission spectrum 
which varies in response to a temperature of the re- 
spective component, the machine comprising: 

a light source for directing an interrogating light 10 
beam onto the one or more components; 
a light collector for collecting light from the one 
or more components; and 
an analyser for detecting at least a temperature 
of the one or more components by analysis of *5 
light collected from the one or more compo- 
nents. 

2. The machine according to claim 1 , wherein the one 

or more components is coated with one or more 20 
priming layers over which the thermal barrier coat- 
ing is coated. 

3. The machine according to claim 1 or 2, wherein the 
indicator material has an optical emission spectrum 25 
which varies in response to at least one other phys- 
ical parameter of the respective component, and 

the analyser is configured to detect the at least one 
other physical parameter of the one or more com- 
ponents by analysis of light collected from the one 30 
or more components. 

1 The machine according to claim 3, wherein the in- 
dicator material has an optical emission spectrum 
which varies in response to at least one physical 35 
parameter selected from the group consisting of a 
physical strain applied to at least a region of the one 
or more components, erosion of at least a region of 
the one or more components, and a physical stress 
of at least a region of the one or more components. *o 

>. The machine according to any of claims 1 to 4, 
wherein the refractory material is selected from the 
group consisting of yttria stabilised zirconia, yttria 
partially stabilised zirconia, and yttria aluminum 45 
garnet. 



prosium. 

9. The machine according to any of claims 1 to 8, 
wherein the indicator material comprises a compo- 
sitionally-graded structure, a composite structure, 
or a multi-phase structure. 

10. The machine according to any of claims 1 to 9, 
wherein the thermal barrier coating comprises a lay- 
ered structure of indicator materials having different 
respective emission spectra. 

11. The machine according to any of claims 1 to 10, 
wherein the thermal barrier coating comprises a lay- 
ered structure of an outermost, substantially trans- 
parent region and a region including an indicator 
material optically interogatable through the sub- 
stantially transparent region. 

12. The machine according to any of claims 1 to 11, 
wherein the machine is a combustion engine. 

13. The machine according to claim 12, wherein the 
machine is a gas turbine engine. 

14. The machine according to claim 13, wherein the 
one or more components is a turbine blade. 

15. The machine according to claim 13, wherein the 
one or more components is a heat shield. 

16. Use, as a temperature indicator in a thermal barrier 
coating for coating a machine component, of a mix- 
ture of at least a refractory material and an indicator 
material having an optical emission spectrum which 
varies in response to a temperature of the coated 
component. 

17. The use according to claim 16, wherein the compo- 
nent is coated with one or more priming layers over 
which the thermal barrier coating is coated. 

18. The use according to claim 16 or 17, wherein the 
indicator material has an optical emission spectrum 
which varies in response to at least one other phys- 
ical parameter of the component. 



6. The machine according to any of claims 1 to 5, 
wherein the indicator material is a phosphor mate- 
rial. 

7. The machine according to any of claims 1 to 5, 
wherein the indicator material comprises a rare 
earth dopant. 

8. The machine according to claim 7, wherein the in- 
dicator material comprises a dopant selected from 
the group consisting of terbium, europium, and dys- 



1 9. The use according to claim 1 8, wherein the indicator 
material has an optical emission spectrum which 

50 varies in response to at least one physical param- 
eter selected from the group consisting of a physical 
strain applied to at least a region of the component, 
erosion of at least a region of the component, and 
a physical stress of at least a region of the compo- 

55 nent. 

20. The use according to any of claims 1 6 to 1 9, where- 
in the refractory material is selected from the group 
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consisting of yttria stabilised zirconia, yttria partially 
stabilised zirconia, and yttria aluminium garnet. 

21 . The use according to any of claims 1 6 to 20, where- 
in the indicator material is a phosphor material. 

22. The use according to any of claims 16 to 20, where- 
in the indicator material comprises a rare earth do- 
pant. 

23. The use according to claim 22, wherein the indicator 
material comprises a dopant selected from the 
group consisting of terbium, europium, and dyspro- 
sium. 

24. The use according to any of claims 16 to 23, where- 
in the indicator material comprises a composition- 
ally-graded structure, a composite structure, or a 
multi-phase structure. 

25. The use according to any of claims 16 to 24, where- 
in the thermal barrier coating comprises a layered 
structure of indicator materials having different re- 
spective emission spectra. 

26. The use according to any of claims 1 6 to 25, where- 
in the thermal barrier coating comprises a layered 
structure of an outermost, substantially transparent 
region and a region including an indicator material 
optically interogatable through the substantially 
transparent region. 

27. The use according to any of claims 16 to 26, where- 
in the component is a component of a combustion 
engine. 

28. The use according to claim 27, wherein the compo- 
nent is a component of a gas turbine engine. 

29. The use according to claim 28, wherein the compo- 
nent is a turbine blade. 

30. The use according to claim 28, wherein the compo- 
nent is a heat shield. 



Patentanspruche 

1. Maschine mit einem oder mehreren inneren Bau- 
elementen, die mit einer Warmesperrschicht uber- 
zogen sind, welche ein Gemisch aus wenigstens ei- 
nem hitzebestandigen Material und einem Indika- 
tormaterial, das ein optisches Emissionsspektrum 
hat, welches unter Ansprechen auf eineTemperatur 
des entsprechenden Bauelementes variiert, um- 
falit, wobei die Maschine folgendes aufweist: 

eine Lichtquelle fur das Richten eines Abfrage- 



lichtstrahls auf das eine Oder die mehreren 
Bauelemente, 

einen Lichtkollektor fur das Sammeln von Licht 
von dem einen oder den mehreren Bauelemen- 

5 ten und 

einen Analysator zum Erfassen von wenig- 
stens einer Temperatur des einen oder der 
mehreren Bauelemente durch Analyse von 
Licht, das von dem einen oder den mehreren 

10 Bauelementen gesammelt wurde. 

2. Maschine nach Anspruch 1, wobei das eine oder 
die mehreren Bauelemente mit einer oder mehre- 
ren Grundierungsschichten uberzogen ist/sind, 

15 Qber der/denen die Warmesperrschicht aufge- 
bracht ist. 

3. Maschine nach Anspruch 1 oder 2, wobei das Indi- 
katormaterial ein optisches Emissionsspektrum 

20 aufweist, das unter Ansprechen auf wenigstens ei- 
nen anderen physikalischen Parameter des ent- 
sprechenden Bauelementes variiert, und der Ana- 
lysator so konfiguriert ist, daft er den wenigstens ei- 
nen anderen physikalischen Parameter des einen 

25 oder der mehreren Bauelemente durch Analyse von 
Licht, das von dem einen oder den mehreren Bau- 
elementen gesammelt wurde, erfafit. 

4. Maschine nach Anspruch 3, wobei das Indikatorma- 
30 terial ein optisches Emissionsspektrum aufweist, 

welches unter Ansprechen auf wenigstens einen 
physikalischen Parameter variiert, der aus der 
Gruppe ausgewahlt ist, bestehend aus einer physi- 
kalischen Spannung, die auf wenigstens einen Be- 

35 reich des einen oder der mehreren Bauelemente 
aufgebracht wird, Erosion wenigstens eines Berei- 
ches des einen oder der mehreren Bauelemente 
und einer physikalischen Spannung wenigstens ei- 
nes Bereiches des einen oder der mehreren Bau- 

40 elemente. 

5. Maschine nach einem der Anspruche 1 bis 4, wobei 
das hitzebestandige Material aus der Gruppe aus- 
gewahlt ist, die aus yttriumoxidstabilisiertem Zirko- 

45 niumoxid, yttriumoxidteilstabilisiertem Zirkonium- 
oxid und Yttriumoxid-Aluminiumgranat besteht. 

6. Maschine nach einem der Anspruche 1 bis 5, wobei 
das Indikatormaterial ein Leuchtstoffmaterial ist. 

50 

7. Maschine nach einem der Anspruche 1 bis 5, wobei 
das Indikatormaterial ein Seltenerdmetalldotie- 
rungsmittel umfalit. 

55 8. Maschine nach Anspruch 7, wobei das Indikatorma- 
terial ein Dotierungsmittel umfatit, das aus der 
Gruppe ausgewahlt ist, die aus Terbium, Europium 
und Dysprosium besteht. 
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9. Maschine nach einem der Anspruche 1 bis 8, wobei 
das Indikatormaterial eine bezuglich der Zusam- 
mensetzung abgestufte Struktur, eine Verbundma- 
terialstruktur Oder eine mehrphasige Struktur auf- 
weist. 

10. Maschine nach einem der Anspruche 1 bis 9, wobei 
die Warmesperrschicht eine geschichtete Struktur 
aus Indikatormateriaiien mit jeweils verschiedenen 
Emissionsspektren umfafct. 

11. Maschine nach einem der Anspruche 1 bis 10, wo- 
bei die Warmesperrschicht eine geschichtete 
Struktur mit einem ganz au&en liegenden, im we- 
sentlichen transparenten Bereich und einem Be- 
reich, der ein Indikatormaterial aufweist, das durch 
den im wesentlichen transparenten Bereich hin- 
durch optisch abfragbar ist, umfalit. 

12. Maschine nach einem der Anspruche 1 bis 11, wo- 
bei die Maschine ein Verbrennungsmotor ist. 

13. Maschine nach Anspruch 12, wobei die Maschine 
ein Gasturbinenmotor ist. 

14. Maschine nach Anspruch 13, wobei das eine oder 
die mehreren Bauteile eine Turbinenschaufel/Tur- 
binenschaufeln ist/sind. 

15. Maschine nach Anspruch 13, wobei das eine oder 
die mehreren Bauteile ein Hitzeschild/Hitzeschilder 
ist/sind. 

16. Verwendung eines Gemisches aus wenigstens ei- 
nem hitzebestandigen Material und einem Indika- 
tormaterial, das ein optisches Emissionsspektrum 
aufweist, welches unter Ansprechen auf eine Tem- 
peratur des uberzogenen Bauteils variiert, als ein 
Temperaturindikator in einer Warmesperrschicht 
zum Uberziehen eines Maschinenbauteils. 



20 



10 



21. 



nen Bereich des Bauteils aufgebracht wrid, Erosion 
wenigstens eines Bereiches des Bauteils und einer 
physikalischen Spannung wenigstens eines Berei- 
ches des Bauteils. 

Verwendung nach einem der Anspruche 16 bis 19, 
wobei das hitzebestandige Material aus der Gruppe 
ausgewahlt ist, die aus yttriumoxidstabilisiertem 
Zirkoniumoxid, yttriumoxidteilstabilisiertem Zirkoni- 
umoxid und Yttriumoxid-Aluminiumgranat besteht. 

Verwendung nach einem der Anspruche 16 bis 20, 
wobei das Indikatormaterial ein Leuchtstoffmaterial 
ist. 



15 



20 



25 



30 



35 



40 

17. Verwendung nach Anspruch 16, wobei das Bauteil 
mit einer oder mehreren Grundierungsschichten 
uberzogen ist, uber der/denen die Warmesperr- 
schicht aufgebracht ist. 45 

18. Verwendung nach Anspruch 16 oder 17, wobei das 
Indikatormaterial ein optisches Emissionsspektrum 
aufweist, welches unter Ansprechen auf wenig- 
stens einen anderen physikalischen Parameter des so 
Bauteils variiert. 

19. Verwendung nach Anspruch 18, wobei das Indika- 
tormaterial ein optisches Emissionsspektrum auf- 
weist, welches unter Ansprechen auf wenigstens 55 
einen physikalischen Parameter variiert, der aus 
der Gruppe ausgewahlt ist, bestehend aus einer 
physikalischen Spannung, die auf wenigstens ei- 



22. Verwendung nach einem der Anspruche 16 bis 20, 
wobei das Indikatormaterial ein Seltenerdmetalldo- 
tierungsmittel umfaftt. 

23. Verwendung nach Anspruch 22, wobei das Indika- 
tormaterial ein Dotierungsmittel umfaBt, das aus 
der Gruppe ausgewahlt ist, die aus Terbium, Euro- 
pium und Dysprosium besteht. 

24. Verwendung nach einem der Anspruche 16 bis 23, 
wobei das Indikatormaterial eine bezuglich der Zu- 
sammensetzung abgestufte Struktur, eine Ver- 
bundmaterialstruktur oder eine mehrphasige Struk- 
tur umfalit. 

25. Verwendung nach einem der Anspruche 16 bis 24, 
wobei die Warmesperrschicht eine geschichtete 
Struktur aus Indikatormateriaiien mit jeweils ver- 
schiedenen Emissionsspektren umfalit. 

26. Verwendung nach einem der Anspruche 16 bis 25, 
wobei die Warmesperrschicht eine geschichtete 
Struktur mit einem ganz aulien liegenden, im we- 
sentlichen transparenten Bereich und einem Be- 
reich, der ein Indikatormaterial aufweist, das durch 
den im wesentlichen transparenten Bereich hin- 
durch optisch abfragbar ist, umfalit. 

27. Verwendung nach einem der Anspruche 16 bis 26, 
wobei das Bauelement ein Bauelement eines Ver- 
brennungsmotors ist. 

28. Verwendung nach Anspruch 27, wobei das Bauele- 
ment ein Bauelement eines Gasturbinenmotors ist. 

29. Verwendung nach Anspruch 28, wobei das Bauele- 
ment eine Turbinenschaufel ist. 

30. Verwendung nach Anspruch 28, wobei das Bauele- 
ment ein Hitzeschild ist. 
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Revendications 

1. Machine comportant un ou plusieurs composants 
internes revetus d'un revetement a barriere thermi- 
que comprenant un melange d'au moins un mate- 
riau refractaire et un materiau indicateur pr£sentant 
un spectre d'emission optique qui varie en reponse 
a une temperature du composant respectif, la ma- 
chine comprenant : 

une source de lumiere pour dinger un faisceau 
de lumiere d'interrogation sur le ou les 
composants ; 

un collecteur de lumiere pour collecter la lumie- 
re proven ant du ou des composants ; et 
un analyseur pour detecter au moins une tem- 
perature du ou des composants par analyse de 
la lumiere collectee depuis le ou les compo- 
sants. 

2. Machine selon la revendication 1, dans laquelle le 
ou les composants sont revetus d'une ou plusieurs 
couches primaires sur lesquelles le revetement a 
barriere thermique est depose. 

3. Machine selon la revendication 1 ou 2, dans laquel- 
le le materiau indicateur presente un spectre 
d'emission optique qui varie en reponse a au moins 
un autre parametre physique du composant respec- 
tif, et I'analyseur est configure pour detecter au 
moins I'autre parametre physique du ou des com- 
posants par analyse de la lumiere collectee depuis 
le ou les composants. 

4. Machine selon la revendication 3, dans laquelle le 
materiau indicateur presente un spectre d'emission 
optique qui varie en reponse a au moins un para- 
metre physique choisi dans le groupe qui est cons- 
titue d'un effort physique applique a au moins une 
region du ou des composants, de I'erosion d'au 
moins une region du ou des composants, et d'une 
contra inte physique d'au moins une region du ou 
des composants. 

5. Machine selon I'une quelconque des revendica- 
tions 1 a 4, dans laquelle le materiau refractaire est 
choisi dans le groupe qui est constitue du zircone 
stabilise par oxyde yttrique, du zircone stabilise par- 
tiellement par oxyde yttrique et du grenat d'alumi- 
nium d'oxyde yttrique. 

6. Machine selon I'une quelconque des revendica- 
tions 1 a 5, dans laquelle le materiau indicateur est 
un materiau fluorescent. 

7. Machine selon Tune quelconque des revendica- 
tions 1 a 5, dans laquelle le materiau indicateur 
comprend un dopant de terre rare. 



8. Machine selon la revendication 7, dans laquelle le 
materiau indicateur comprend un dopant choisi 
dans le groupe qui est constitue du terbium, de 
I'europium et du dysprosium. 

5 

9. Machine selon I'une quelconque des revendica- 
tions 1 a 8, dans laquelle le materiau indicateur 
comprend une structure classee par composition, 
une structure composite ou une structure multipha- 

10 se. 

10. Machine selon Tune quelconque des revendica- 
tions 1 a 9, dans laquelle le revetement de barriere 
thermique comprend une structure a couches de 

15 materiaux indicateurs ayant des spectres d'emis- 
sion respectifs differents. 

11. Machine selon I'une quelconque des revendica- 
tions 1 a 10, dans laquelle le revetement de barriere 

20 thermique comprend une structure a couches d'une 
region la plus a I'exterieur sens iblement trans pa ren- 
te et d'une region comprenant un materiau indica- 
teur interrogeable optiquement a travers la region 
sensiblement transparente. 

25 

12. Machine selon I'une quelconque des revendica- 
tions 1 a 11 , dans laquelle la machine est un moteur 
a combustion. 

30 13. Machine selon la revendication 12, dans laquelle la 
machine est un moteur de turbine a gaz. 

14. Machine selon la revendication 13, dans laquelle le 
ou les plusieurs composants sont une aube de tur- 

35 bine. 

15. Machine selon la revendication 13, dans laquelle le 
ou les composants sont une protection thermique. 

40 16. Utilisation, comme indicateur de temperature dans 
un revetement de barriere thermique pour revetir un 
composant de machine, d'un melange d'au moins 
un materiau refractaire et d'un materiau indicateur 
presentant un spectre d'emission optique qui varie 

45 en reponse a une temperature du composant reve- 
tu. 

17. Utilisation selon la revendication 16, dans laquelle 
le composant est revetu d'une ou plusieurs couches 

50 primaires sur lesquelles le revetement de barriere 
thermique est depose. 

18. Utilisation selon la revendication 16 ou 17, dans la- 
quelle le materiau indicateur presente un spectre 

55 d'emission optique qui varie en reponse a au moins 
un autre parametre physique du composant. 

19. Utilisation selon la revendication 18, dans laquelle 
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le materiau indicateur presente un spectre (Remis- 
sion optique qui varie en reponse a au moins un 
parametre physique choisi dans le groupe qui est 
constitue d'un effort physique applique a au moins 
une region du composant, de I'erosion d'au moins 
une region du composant, et d'une contrainte phy- 
sique d'au moins une region du composant. 

20. Utilisation selon Tune quelconque des revendica- 
tions 16 a 19, dans laquelle le materiau refractaire 
est choisi dans le groupe qui est constitue du zirco- 
ne stabilise par oxyde yttrique, du zircone stabilise 
partiellement par oxyde yttrique et du grenat d'alu- 
minium d'oxyde yttrique. 

21. Utilisation selon rune quelconque des revendica- 
tions 16 a 20, dans laquelle le materiau indicateur 
est un materiau fluorescent. 

22. Utilisation selon I'une quelconque des revendica- 
tions 16 a 20, dans laquelle le materiau indicateur 
comprend un dopant de terre rare. 

23. Utilisation selon la revendication 22, dans laquelle 
le materiau indicateur comprend un dopant choisi 25 
dans le groupe qui est constitue du terbium, de 
I'europium, et du dysprosium. 

24. Utilisation selon I'une quelconque des revendica- 
tions 16 a 23, dans laquelle le materiau indicateur 30 
comprend une structure classee par composition, 
une structure composite ou une structure multipha- 
se. 

25. Utilisation selon I'une quelconque des revendica- 35 
tions 16 a 24, dans laquelle le revetement de bar- 
riere thermique comprend une structure a couches 

de materiaux indicateurs presentant des spectres 
d'emission respectifs differents. 

40 

26. Utilisation selon I'une quelconque des revendica- 
tions 16 a 25, dans laquelle le revetement de bar- 
riere thermique comprend une structure a couches 
d'une region la plus a I'exterieur sensiblement 
transparente et d'une region comprenant un mate- 45 
riau indicateur optiquement interrogeable a travers 

la region sensiblement transparente. 

27. Utilisation selon I'une quelconque des revendica- 
tions 16 a 26, dans laquelle le composant est un 50 
composant d'un moteur a combustion. 

28. Utilisation selon la revendication 27, dans laquelle 
le composant est un composant d'un moteur de tur- 
bine a gaz. 55 

29. Utilisation selon la revendication 28, dans laquelle 
le composant est une aube de turbine. 



30. Utilisation selon la revendication 28, dans laquelle 
le composant est une protection thermique. 

5 
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YAG: Tb SPECTRA AT DIFFERENT TEMPERATURES 
EXCITATION WAVELENGTH AT 266nm 
(INTENSITIES UNCORRECTED) 
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